The current study observes the durational interaction of tautosyllabic consonants and vowels in the word-initial position of English and Korean child-directed speech (CDS). The effect of phonological laryngeal contrasts in stops on the following vowel duration, and the effect of the intrinsic vowel duration on the release duration of preceding stops in addition to the acoustic realization of the contrastive segments are explored in different prosodic contexts phrase-initial/medial, focal accented/non-focused in a marked speech style of CDS. A trade-off relationship between Voice Onset Time (VOT), as consonant release duration, and voicing phonation time, as vowel duration, reported from adult-to-adult speech, and patterns of durational variability are investigated in CDS of two languages with different linguistic rhythms, under systematically controlled prosodic contexts. Speech data were collected from four native English mothers and four native Korean mothers who were talking to their one-word staged infants. In addition to the acoustic measurements, the transformed delta measure is employed as a variability index of individual tokens. Results confirm the durational correlation between prevocalic consonants and following vowels. The interaction is revealed in a compensatory pattern such as longer VOTs followed by shorter vowel durations in both languages. An asymmetry is found in CV interaction in that the effect of consonant on vowel duration is greater than the VOT differences induced by the vowel. Prosodic effects are found such that the acoustic difference is enhanced between the contrastive segments under focal accent, supporting the paradigmatic strengthening effect. Positional variation, however, does not show any systematic effects on the variations of the measured acoustic quantities. Overall vowel duration and syllable duration are longer in English tokens but involve less variability across the prosodic variations. The constancy of syllable duration, therefore, is not found to be more strongly sustained in Korean CDS. The stylistic variation is discussed in relation to the listener under linguistic development in CDS.
INTRODUCTION
Duration of segments is conditioned by multiple factors. are generally found to be shorter than open vowels (Naeser, 1970) and tense vowels are longer than lax vowels. Consonants also reveal durational variations based on segmental quality. In stops, different laryngeal features relate to different release durations, namely, voice onset time (VOT). VOT is widely accepted as a feature to mark the laryngeal contrast of stop consonants in most languages including English (Lisker & Abramson, 1964) , such that English voiceless stops show greater VOT values than their voiced counterparts. Other laryngeal gestures as well as voicing are also reflected with differences in VOT. As for Korean stops, counted voiceless phonologically, manifestation of the three laryngeal categories is discussed stops are marked small VOTs and great VOTs respectively, compared with lax plain stops.
The duration interaction is intensively reported from vowel variation depending on the neighboring segments. A well-discussed effect is from the postvocalic consonant. It is generally agreed that the quality of the following consonant decides the duration of the preceding vowel. The vowel in English, for example, is longer when it is followed by a voiced consonant, than when it is followed by a voiceless consonant (House & Fairbanks 1953; Umeda 1975 , for example). Peterson & Lehiste (1960) reported an effect of place of articulation of the following Cs in English, such that bilabial consonants condition reduced duration in the preceding vowels.
In contrast to numerous studies on the interaction between vowel duration and the postvocalic consonants, the research on the effect of prevocalic consonants is limited and findings are rather controversial. Naeser (1970) reported from English CVC syllables that vowel duration was increased significantly if the initial consonant was voiced rather than voiceless, which is also supported by French data (Thilly, 1993) . The tendency of longer vowel duration after voiceless stops is observed in different speech styles such as a constant sentence frame (Peterson & Lehiste, 1960) and connected speech (Crystal & House, 1988) . Ohala & Ohala (1992) 's study on Hindi reported different effects of voicing and aspiration on the following vowel duration such that voiced consonants are followed by shorter vowels, and aspirated ones have even shorter following vowels.
The correlation between preceding VOT and following vowel duration is found nonlinear. Allen & Miller (1999) showed that the change from voiced to voiceless in English monosyllabic words resulted in decreased vowel duration as well as increased VOT and suggested "a trade-off" relation between VOT and vowel duration. But the decrease in vowel duration was consistently less than the increase in VOT, which is confirmed in two different speech rates. Similarly, Fischer-Jørgensen (1964) points out for Danish that the magnitude of the decrease in vowel duration following voiceless compared with voiced stops is insufficient to compensate fully for the increase in VOT.
Thilly (1993) observed an effect of place of articulation on vowel duration in French such that vowels were longer after labial than after dental or palatoalveolar fricatives. Peterson & Lehiste (1960) and Strange et al. (1979) , however, argued that effects of prevocalic consonants on vowel duration were not very robust in American English.
To sum up, temporal reciprocation of tautosyllabic consonants and vowels has been observed in certain languages, but universality of the reciprocal pattern is not overtly confirmed across languages (Laver, 1994: 446) . Language-specific variations are still found on the interaction, such as the diverging conclusions by Thilly (1993) versus Peterson & Lehiste (1960) and Strange et al. (1979) . Furthermore, prosody as another plausible factor to induce effects on the tautosyllabic consonant-vowel interaction (de Jong, 1991) has not been investigated well.
The current study explores the quantitative interaction of tautosyllabic consonants and vowels with controlled prosodic context in another speech style, Motherese or child-directed speech (CDS), across languages of English and Korean. The style of Motherese is of specific interest here because several unique patterns in speech production are reported in CDS. In general, CDS is found to feature exaggerated prosodic realizations, such as exaggerated pitch peaks and extensive stress marking (Fernald and Mazzie, 1991; Fernald et al., 1989, for example), and more clarified consonant and vowel production (Kuhl et al., 1997; Malsheen, 1980; Ratner, 1984 Korean stops have a 3-way laryngeal contrast and are counted voiceless phonologically unlike English 2-way voicing contrast. The English vowel system has a tense and lax distinction, whereas the Korean vowel system has a long and short distinction (Lee, H.B., 1999) , though it is not very active in Modern Korean. The two languages have also different speech timing systems. English is generally counted as stress-timed whereas Korean is counted as syllable-timed or mora-timed (Abercrombie, 1967; Cho, M., 2004; Ladefoged, 1975 Most studies consider the vowel duration as the vowel phonation time that is visible after the consonant release, and in the articulartory viewpoint, the terminology is not exact.
However, in the current study, the phonation time is measured as vowel duration consistently. All the target syllables for English tokens contained the lexical stress in the present study, and thus there was no variation of prosodic prominence at the lexical level. The words were collected from different prosodic contexts, utterance-initial and -medial positions of minimally structured speech addressed to infants both in Korean and in English in a similar way. There was no prepared control on the sentence or focus. Target words were given as names for toys, and mothers had a playtime with their infants using the target toys. The conversation between the mother and the infant was recorded as a sound corpus. From the sound data, the target CV sequences were extracted, a total of 2199 tokens (1079 English + 1120 Korean), and identified for the prosodic condition individually. The boundaries of utterance were identified based on the obvious big pause and the context of the speech. Focus was identified based on the content of the speech as well as the acoustic patterns, such as pitch variation and loudness. The focus can be a contrastive narrow focus and a broad focus (Frascarelli, 2000; Ladd, 1996) with extra intensity and pitch-accent as well. Both types of focus are counted focus in the current study, which is denoted focal accent hereafter. Nonfocused tokens were accompanied with other obviously focused tokens within the same utterance.
METHOD

Procedure
The participating mother interacted with her infant and shared conversation with the infant in a sound attenuated room at Haskins Laboratories, New Haven, CT,USA. The room was filled with toys, books, and a very comfortable couch in the middle to provide a comfortable setting to the mother and child.
One Korean participant, K2, however, was observed at a silent room at the participant's house, with same toys and materials.
The sound data didn't report any noticeable difference from the tokens recorded at Haskins Laboratories, and thus was included in the analysis.
The settings were identical in the English and Korean experiments except for the languages used. The target CV sequences were prepared as names of toys, and each toy was guided with a flash card containing its details. For example, 'Peter', a name of a stuffed animal, was printed in a bold letter and attached to the toy. In addition, flash cards were provided with information such as Peter's age, its favorite food and toys, best friends, and its family. Participating mothers were instructed to play with the children using the toys and the cards. They were asked to behave as usual as possible, and no explanation of the research goal and design was explained before the experiment. In order not to distract the infants, each toy was introduced separately as a new toy, and the mothers named the toy and described its characteristics using the 말소리와 음성과학 제4권 제2호 (2012) prepared lists of descriptions. After finishing one, a new toy was introduced replacing the old one. No sentences were prepared to be cited by the mothers in the introduction. The participants used their own sentences in their own styles and in their comfortable rates to give information about the toys.
At the end of the interaction, the mothers were asked to give lists of questions to the children. The questions were made in advance varying prosodic contexts and provided to Mothers in separate sheets. However, mothers, themselves, had to improvise answers to those questions or react to very few answers from their infants. This session was prepared to observe rather obvious patterns of focal accent variation. For example, for a question asking "is Peter a bear?", the answer, "No, Peter is a cat", provides a token of 'Peter' without the focal accent. On the other hand, in the question and answer of "is Peter a bear?
No, Bettor is a bear", 'peter' is a token with the focal accent.
The overall session lasted 40 to 50 minutes per individual mother and child. Optional long breaks were provided upon the subjects' request. The interaction between mother and infant involved unrestricted short breaks frequently, and recording continued through the breaks.
The minimally structured speech of caregivers to their children was recorded using a wireless microphone and a TASCAM HD-P2 recorder at the sampling rate of 44100Hz. 
Statistical Analysis
The Welch T-test was employed to compare the overall difference between the two language groups, English vs.
Korean. The influence of each prosodic factor and individual variation was evaluated based on Linear Mixed models.
Analyses of Linear Mixed models were selected to detect overall significant effects across less balanced sets of tokens based on the flexibility of the model (Hoffman & Rovine, 2007 However, current results on CDS indicate that the overall production of syllables involves smaller durational variation in English though they are longer than the syllables in Korean CDS. The results are also contrary to the findings from a study on English and Korean adult-directed speech using same conditions and materials (Choi, 2012) . In the ADS study, the linguistic rhythm was found to correspond to the variability difference such that Korean syllables were produced with less variability than English syllables across various contexts and the correlation between VOT and vowel phonation period was greater in Korean syllables. 
RESULTS AND DISCUSSION
CONCLUSION
This study explored the acoustic interaction between stop VOT and vowel phonation period within a syllable in Korean and English CDS under prosodic variation. The acoustic cues demarcate contrasts in consonants and vowels of both languages.
The three-way and two-way laryngeal contrasts were specified 
